The aim was to assess the association between objectified preoperative psychological factors and postoperative pain at the first day after otolaryngological surgery in accordance with other predictors of postoperative pain. Eighty-two (82) patients (59% male, median age 56 years) were included between January and May 2015. The psychological assessment the day before surgery included the Patient Health Questionnaire (PHQ-9), pain catastrophizing scale (PCS), State-Trait Operation Anxiety (STOA) inventory, and the resilience scale (RS-13). On first postoperative day, patients were rated their pain using the questionnaires of the German-wide project Quality Improvement in Postoperative Pain Treatment (QUIPS) including a numeric rating scale (NRS, 0-10) for determination of patient's maximal pain. QUIPS allowed standardized assessment of patients' characteristics, pain parameters, and outcome. The influence of preoperative and postoperative parameters on patients' maximal postoperative pain was estimated by univariate and multivariate statistical analysis. The mean maximal pain was 3.2 ± 2.9. In univariate analysis, higher PHQ-9 score more than 4 (P = 0.010), higher STOA trait anxiety (P = 0.044), and higher STOA total score (P = 0.043) were associated to more postoperative pain. In multivariate analysis higher PHQ-9 score remained an independent predictor for severe pain (beta = 0.302; 95% confidence interval [CI]: 0.054-0.473; P = 0.014). When all parameters were included into multivariate analysis, 2 of all somatic, psychological, and treatment factors were associated with severe maximal pain: more depression (PHQ-9; beta = 0.256; 95% CI: 0.042-0.404; P = 0.017), and use of opioids in the recovery room (beta = 0.371; 95% CI: 0.108-0.481; P = 0.002). Otolaryngological surgery covers the spectrum from low to severe postoperative pain and is therefore a good model for pain management studies. A set of somatic and psychological parameters seems to allow the identification of patients with higher risk for more postoperative pain. This should help to individualize and improve the perioperative pain management.
Introduction
Otolaryngological surgery covers a broad spectrum from interventions with normally low postoperative pain, for example, middle ear surgery, to interventions with severe postoperative pain, for example, any pharyngeal surgery. [1] Even compared to other surgical specialties, tonsillectomy is one of the most painful surgeries at all. [2] Nevertheless, as in other surgical disciplines, the experienced pain levels of children and adults who underwent otolaryngological surgery still seem to be underestimated and undertreated in many cases in daily routine. [1, 3] To improve postoperative pain management, it is necessary to standardize pain management, that is, by clinical practice guidelines and to already preoperatively identify patient groups who are at risk of developing unacceptably high levels of postoperative pain. [3, 4] So far, the search of predictors for severe postoperative pain after otolaryngological surgery in prospective trials has mainly focused on somatic factors. Using the prospective web-based Quality Improvement in Postoperative Pain Treatment (QUIPS) registry, which allows a standardized assessment of patients' characteristics, pain parameters, outcome, and process parameters, it has been shown that beyond the type of surgery also female gender, younger age, chronic pain, or absence of preoperative pain counseling seem to be related to more Editor: Kazuo Hanaoka.
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postoperative pain in adult otolaryngological surgery. [1, [5] [6] [7] In contrast, we only could identify 1 prospective study analyzing preoperative psychological factors in patients who undergo otolaryngological surgery: In the study from Sommer et al pain catastrophizing was beyond some somatic factors an independent predictor for more postoperative pain. [3] Beyond otolaryngological surgery, it has been shown in general that preoperative psychological distress, anxiety, or pain catastrophizing is a predictor for more postoperative pain and analgesic consumption. [8] [9] [10] Nevertheless, most studies have focused on 1 psychological dimension, but comprehensive analyses covering several psychological measures are lacking.
A detailed and comprehensive analysis combining a standardized assessment of all relevant preoperative and perioperative predictors in patients who underwent adult otolaryngological surgery has not yet been performed. Otolaryngological surgery could serve as an optimal model because it covers a wide spectrum of experienced postoperative pain intensity. Hence, the present prospective clinical study used a validated set of preoperative psychological assessment together with QUIPS data to analyze preoperative somatic and psychological factors, postoperative pain within the first 24 hours in adults after otolaryngological surgery, its pain management, and associated parameters.
Material and methods
QUIPS is registered at the German Clinical Trials Register (DRKS-ID: DRKS00006153). Institutional review board approval was obtained before study initiation by the Ethics Committee of the Jena University Hospital, Thuringia, Germany (No. 4290-12/14). The patients gave their written informed consent. All questionnaires including the informed consent were recorded.
Subjects
Inclusion criteria were as follows: 18 years or more of age, middle ear surgery or transoral laryngopharyngeal surgery (microlaryngoscopy, panendoscopy, tonsillectomy, and pharyngeal surgery of benign tumors), inpatient treatment, surgery under general anesthesia, sufficient knowledge of the German language to fill in the questionnaires, and availability of the patients at the first postoperative day. Exclusion criteria were as follows: patients on intensive care unit on first postoperative day, cognitive impairment, or dementia. All participating patients were included between January 2015 and May 2015 (Supplemental Digital Content Figure S1 , http://links.lww.com/MD/ B126).
Preoperative psychological assessments
The assessment started with a questionnaire the day before surgery. The questionnaire was filled out by the patient without help of the research personnel. The patient was asked for his name, gender, age, highest school qualification. The patient estimated her/his pain at the moment and expected pain after surgery on two 11-point numeric rating scales (NRS; 0 = no pain; 10 = maximal pain). The validated self-administered 9-item Patient Health Questionnaire (PHQ-9) was used to measure the depression severity. [11] The PHQ-9 scores, ranging from 0 to 27, indicate the presence and severity of depression, with scores of 5, 10, 15, and 20 being the cut-points for mild, moderate, moderately severe, and severe depression, respectively. In the present study, internal consistency was good with Cronbach alpha = 0.84. The validated 13-item pain catastrophizing scale (PCS) was applied to measure the catastrophizing level. [12] Various thoughts and feelings associated with pain are rated on a 4-point scale ranging from 0 (not at all) to 3 (very much). Cronbach alpha was 0.96 in our study. Surgery-related anxiety was assessed by the 30-item State-Trait Operation Anxiety (STOA) inventory. [13] The first subscale of STOA measures the level of state anxiety (10 items) with values ranging from 0 to 30; the second subscale captures trait anxiety (20 items) with values ranging from 0 to 60. Higher values reflect higher anxiety as well as higher information requirement. Internal consistency of both subscales was good, with Cronbach alpha = 0.93 and 0.91, respectively. Finally, the German version of the validated 13-item resilience scale (RS-13) was used to measure resilience. [14, 15] RS-13 scores range from 13 (low resilience) to 91 (high resilience). Patients with a RS-13 score less than 72 are defined as patients with low resilience and patients with a score of 72 or more have a high resilience. In the present study, Cronbach alpha for this scale was 0.87.
Postoperative pain and pain management measures
The present study was also part of the German-wide QUIPS registry. The QUIPS questionnaire is presented in detail elsewhere. [5, 16] The QUIPS questionnaire consisted of 2 parts for each patient: This first part is covering the outcome parameters of the questionnaire, whereas the second part, which is filled by the investigator.
The patients received a validated 15-item QUIPS questionnaire at the first postoperative day. The patients filled out the questionnaire at the afternoon of the first postoperative day, that is, 24-30 hours after surgery. QUIPS used 11-point NRS to estimate the patient's pain during movement, maximal pain, and pain at rest. Generally, higher numbers are indicating more pain (0 = no pain; 10 = maximal pain). Furthermore, the patient was asked by dichotomized (yes/no) questions about pain-related impairments (mobility, breathing, sleep, and mood), side effects of pain treatment (drowsiness, nausea, and vomiting), and satisfaction with the pain management. The patients were also asked about the preoperative pain counseling in 3 categories (yes, in general; yes, specific; no). General pain counseling meant that education about postoperative pain and its management in general was part of the presurgical interview with the patients. Specific pain counseling assumed that it was talked about specific pain related to the surgical procedure the patient underwent.
The second part of both questionnaires, which is filled by the investigator, was covering the relevant demographic and clinical parameters (baseline parameters) like type of surgery, anesthesia, and pain management. Additionally, the Charlson comorbidity index and the American Society of Anesthesiologists (ASA) status were assessed. [17, 18] All QUIPS data were made anonymous and transferred via internet (http://www.quips-projekt.de/) to the external database for the benchmark project of QUIPS allowing an anonymous comparison to the results of other participating hospitals (not shown).
Study size calculation
Primary outcome parameter was maximal pain. Secondary outcome parameters were minimal pain, pain during movement, pain-related interferes, and side effects of pain treatment. Baseline parameters, the psychological assessments, and the pain Suffeda et 
Medicine management measures were considered as potential predictors. Sample size calculation was based on multiple linear regression analysis with 12 predictors. To detect large effect sizes as revealed in a comparable study with similar predictors and outcomes, [19] that is, effects of R 2 = 0.24, while setting P = 0.05, a sample size of 81 patients would be necessary to achieve a power of 1-ß = 0.90.
Statistical analysis
Patients' characteristics, questionnaire data, and QUIPS variables were analyzed with IBM SPSS statistics software (Version 23.0.0.0, IBM Corporation, Armonk, New York, United States) for medical statistics. Data are presented as mean± standard deviation (SD) if not otherwise indicated. The main outcome parameter was maximal pain. Clinical and outcome parameters of all patients were summarized descriptively (Tables 1 and 2 , Supplemental Digital Content Table 1 , http://links.lww.com/MD/B126). The Kolmogorov-Smirnov test was used to test if the continuous variables were normally distributed. Logarithmic transformations were used on all non-normally distributed variables (duration of surgery, pain the day before surgery, PHQ-9, and PCS) to reduce skewness and improve normality, linearity, and homoscedasticity of the residuals. [20] Associations among patients' characteristics and maximal pain were examined via Pearson correlation (Supplemental Digital Content Table 2 , http://links.lww.com/MD/B126). Five multivariate linear regression models with stepwise entry were generated for the outcome parameter maximal pain (NRS 0-10; Table 3 ). Variables that were associated with postoperative pain in the univariate analyses (P < 0.05) were included in multivariable stepwise regression analyses. Intraoperative pain management was identical for all patients and was therefore not included in the regression analysis. Process parameters related to pain treatment were not included as these measures were performed in response to patient's pain. Using a P < 0.001 criterion for Mahalanobis distance, no outliers among the cases were identified. Two cases had missing data for depression (PHQ-9); therefore, the correlation and regression analyses including PHQ were based on 80 patients. No other data were missing. All other statistics were based on all 82 patients. In general, nominal p values of 2-tailed tests are reported. The significance level was set at P < 0.05.
Results

Subjects and preoperative psychological assessments
During the study recruitment interval, 82 patients (59% male, median age 55.5 years) could be included. Details on the patients' baseline characteristics are listed in Table 1 . The majority had no relevant comorbidity (ASA 1/2: 77%, Charlson comorbidity 0: 61%). Nine patients reported chronic pain. According to the PHQ-9 44 patients (53%) of the patients showed symptoms of depression (median PHQ-9 score: 4). Median pain at the moment of the preoperative assessment was 0 (NRS; range: 0-9). Median expected pain after surgery was 4 (NRS; range 0-10). Median value on the PCS was 7.5 (range: 0-43). Median STOA scores for state operation anxiety and trait operation anxiety were 10 (range 0-29) and 17 (range: 2-4), respectively (median total score: 26; range: 4-67). Median resilience score on the RS-13 was 65 (range: 29-78). The psychological parameters were highly correlated to each other: The PHQ-9 score was correlated to the PCS score (r = 0.659, P < 0.0001) and to the STOA sum score (r = 0.652, P < 0.0001). The PCS score was also correlated to the STOA sum score (r = 0.565, P < 0.0001). In contrast, the RS-13 was negatively correlated to the PHQ-9 score (r = À0.562, P < 0.0001), and the STOA sum score (r = À0.387, P < 0.0001), but not as strong to the PCS score (r = À0.282, P = 0.010).
QUIPS: Process parameter
Supplemental Digital Content Table 1 , http://links.lww.com/ MD/B126 gives an overview about the perioperative and Table 1 Patients' characteristics and preoperative psychological assessments (n = 82).
Measure
Absolute (relative) Suffeda com postoperative measures applied as prevention or treatment of postoperative pain. Analgesic and coanalgesic drugs were given in standard dosages. The sedative for premedication was midazolam in about 3 of 4 patients. All 82 patients received the same total intravenous anesthesia with propofol. Nearly all patients received nonopioids in the recovery room (78 patients; 95%) and about a quarter opioids (18 patients). Nonopioids and/ or opioids were given to 80 patients (98%) and 24 patients (30%), respectively, of the patients back on the ward. Only a minority received perioperative antibiotics (23 patients; 29%), a cold pack on ward (15 patients), and/or had an individual pain therapy instruction plan (18 patients). In the majority of patients, pain intensity was documented at least once in the medical records (56 patients; 68%).
QUIPS: Outcome parameter
All results of QUIPS questionnaire concerning patient-reported outcome parameters on the first postoperative day after surgery are presented in Table 2 . Overall, the mean pain during movements, maximal pain, and minimal pain were 2.4 ± 2.4, 3.2 ± 2.9, 1.3 ± 1.5 (NRS), respectively. About one third of the patients had maximal pain scores at the first postoperative day of NRS more than 3, that is, a pain score necessarily needing a pain therapy (Fig. 1) . Nevertheless, satisfaction with the pain therapy was high (median 14, range: 0-15). About 73 patients (89%) reported to have received at least a general preoperative counseling about postoperative pain (specific counseling in 18 patients). The predominant pain-related impairment was impaired sleep (29 patients, 35%). The most frequent pain drug therapy side effect was drowsiness (30 patients; 37%). The 3 pain parameters were highly correlated to each other. Pain during movement was correlated to maximal pain (r = 0.845, P < 0.0001) and minimal pain (r = 0.660, P < 0.0001). Maximal pain was also correlated to minimal pain (r = 0.732, P < 0.0001).
Factors associated with more maximal postoperative pain
By univariate analysis, several factors were significantly (P < 0.05) associated with maximal postoperative pain (Supplemental Digital Content Table 2 , http://links.lww.com/MD/B126). Younger age (P = 0.001), tonsillectomy (P < 0.0001), longer duration of surgery (P = 0.020), and patients with surgical complications (P = 0.019) were associated with more maximal pain. Patients with higher depression score (higher PHQ-9 depression score; P = 0.010; Fig. 2 ), higher STOA trait anxiety (P = 0.044) and higher STOA sum score (P = 0.033) also had significantly more maximal pain. Results of the PCS (P = 0.121) and RS-13 (P = 0.713) did not have any significant influence on postoperative pain. From the parameters, perioperative use of antibiotics (P < 0.0001), individual pain instructions (P = 0.0001), the desire for more pain medication (P < 0.0001), and lower satisfaction (P < 0.0001) were also associated to more postsurgical pain. Patients with more postoperative pain had received more frequently opioids in the recovery room (P < 0.0001), nonopioids on ward (P = 0.017), opioids on ward (P = 0.0001), and a cold pack (P < 0.0001). All measured pain-related interference: impaired mobility, impaired breathing, impaired sleep, impaired mood were associated to more maximal postoperative pain (all P < 0.0001). In addition, the pain therapy related side-effects drowsiness (P < 0.0001) and nausea (P = 0.006) were more frequent in patients with more pain.
Five different multivariate models were calculated (Table 3 ). Three models were calculated to evaluate preoperative predictors for severe postoperative pain, 1 model including the baseline parameters (model 1), including the psychological parameters (model 2) and 1 model covering baseline, psychological factors, and process parameters (model 3). One analysis was performed concerning the pain-related interferes (model 4) and 1 analysis related to the pain therapy related side effects (model 5). The multivariate analysis on the association of baseline factors on maximal pain revealed that younger age (beta = À0.277; 95% confidence interval [CI]: À0.010 to À0.001; P = 0.0.10 and longer duration of surgery (beta = 0.288; 95% CI: 0.116-0.570; NRS from 0 (no pain) to 10 (maximal pain). † NRS from 0 (not satisfied) to 10 (very satisfied).
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Medicine P = 0.003) were associated to more pain. The multivariate analysis on the association of preoperative psychological factors on maximal pain revealed that only a higher PHQ-9 score was associated to more pain (beta = 0.302; 95% CI: 10.054-0.473; P = 0.014). The comprehensive multivariate analysis on the association of baseline parameters, preoperative psychological factors and preoperatively or perioperatively influencing process parameters on maximal pain on the first postoperative day revealed that more depression (beta = 0.256; 95% CI: 0.042-0.404; P = 0.017), and use of opioids in the recovery Table 3 Linear regression models predicting for more postoperative maximal pain. room (beta = 0.371; 95% CI: 0.108-0.481; P = 0.002) were independent predictors for more maximal pain. The multivariate analysis on the association of pain-related interference on maximal postoperative pain showed that impaired breathing (beta = 0.303; 95% CI: 0.086-0.367; P = 0.002), and impaired sleep (beta = 0.373; 95% CI: 0.125-0.405; P < 0.0001) were related to more pain. The multivariate analysis on the association of pain therapy related side effects interferes on maximal postoperative pain indicated that only drowsiness (beta = 0.525; 95% CI: 0.211-0.530; P < 0.0001) was an independent pain therapy related side effect related to more maximal postoperative pain.
Discussion
To our knowledge, the presented analysis is beyond the Dutch study by Sommer et al [3] so far the only prospective cohort study analyzing the role of preoperative somatic and psychological factors on postoperative pain in otolaryngological surgery worldwide. Furthermore, a comprehensive preoperative assessment of psychological factor including, depression, catastrophizing, anxiety, and resilience has not been performed before. The main finding is that.
The methodology used is not without limitations. First, a limitation was that perioperative pain and pain management related parameters were assessed only once and within the first 24 hours after surgery. Depending on the type of otorhinolaryngologic surgery, significant pain peaks at day 1 or 2 after surgery, but some patients experience pain even throughout 1 week after surgery. [3] Second, only patients in Germany were measured. Therefore, conclusions on cross-cultural influences on pain perception cannot be made. Patients with more maximal pain received significantly more nonopioids and/or opioids in the recovery room and on the ward than the group of patients with lower maximal pain. QUIPS does only allow to analyze for associate relationships, but not necessarily causative relationships of the recorded parameters. Furthermore, QUIPS does not allow to differentiate if the patient received the pain drug due to a fixed regime or on demand because the patient still complained of postsurgical pain. As the patients received the pain drugs before the pain assessment, we interpret the result in such a way that the patients with higher postoperative pain were undertreated with analgesics in the perioperative and early postoperative phase.
Compared to recent prospective studies also using QUIPS for the pain assessment after otolaryngological surgery, baseline characteristics of the patients and the range of postoperative pain are comparable, that is, the present study sample seems to represent a representative cohort of patients after ear or pharyngeal surgery. [1] Although most of patients with unacceptable pain levels (NRS > 3) received nonopioids and/or opioids in the recovery room and on ward, 34% had maximal pain more than 3 (NRS; 27% after ear surgery and 42% after pharyngeal surgery). In the already cited Dutch study using a fixed pain-management regime with nonopioids and opioids for all patients, about 15% of the patients after ear surgery and 45% after oropharyngeal surgery had unacceptable pain levels (VAS >40 mm). This is confirming older data that patients reporting relevant postoperative pain levels seem to be undertreated with adequate pain therapy. [1, 3, 21] In the study of Sommer et al, [3] surgical site, younger age, female gender, more preoperative pain, more expected pain, more short-term fear, and pain catastrophizing were related to more postoperative pain in univariate analysis. In the multivariate analysis only preoperative pain, pain catastrophizing, and anatomical site of operation remained independent predictors for more postoperative pain on the first postoperative days (and also on second until forth postoperative day). In the present study age, and lower comorbidity were preoperative nonpsychological factors (and longer surgery time as an intraoperative parameter) related to more postoperative pain. The somatic factors related to more pain which are most often found in more recent studies are: surgical subsite (oropharyngeal surgery), younger age, female gender, chronic pain, and lack of preoperative pain counseling. [1, [5] [6] [7] 21, 22] From the psychological assessments, higher expected pain intensity, higher depression score, and higher anxiety (but not pain catastrophizing: only a trend was seen) were significantly related to more pain in univariate analysis. Other studies with psychological assessments for comparisons specifically for otolaryngological surgery are not available. Of even more interest is the comparison of the multivariate analysis and here only the Dutch and the present study can be compared.
Three parameters that were not addressed in the Dutch study were revealed as independent predictors for more postoperative pain: less comorbidity (which might be a better surrogate marker for the health status than just the biological age), more preoperative depression, and use of perioperative antibiotics. As it has been shown for instance for tonsillectomy, the administration of antibiotics seem not to reduce postoperative pain. [23] Perioperative antibiotics are mainly given in cases of surgery because of chronic inflammatory diseases or patients with acute inflammatory exacerbation. We take this to mean that postoperative pain is probably independently form the type of surgery higher after otolaryngological interventions related to acute/chronic inflammation because pain is also a clinical sign of inflammation. In the present study, depression, anxiety, and pain catastrophizing were highly correlated to each other. This confirms the concept that these 3 factors together with beliefs about pain have a combined effect on the pain experience after surgery. [10] Depression played the dominant role from these 3 factors in the present study. As the present study combined for the first time a psychological assessment with the postoperative QUIPS assessment, the results should be validated with other patient collectives. What is the role of preoperative psychological factors in other types of surgery? Meta-analyses suggest that these factors play a major role for the development of higher acute and chronic pain experience after abdominal, gynecological, and orthopedic surgery. [10, 24, 25] The detected predictors for more postoperative pain did not show specific aspects only related to otolaryngological surgery. Therefore, otolaryngological surgery might serve as an optimal model for research on postoperative pain, because it covers a wide spectrum of experienced postoperative pain intensity.
Preoperative identification of depressive, anxious, catastrophizing, and less-resilient patients may help to optimize patient care. More aggressive analgesia as well as psychological interventions for such patients might be an option. [10] In case of elective surgery, preoperative cognitive behavioral therapy can lead to less postoperative pain and also to decrease the risk to develop chronic postoperative pain. [24] Even a short-term perioperative psychological intervention might help to reduce postoperative pain. [26] Ideally, patients at risk would be accompanied by a transitional pain service team optimizing perioperative analgesics but also offering psychological interventions. [27] In conclusion, a combined analysis of a large set of psychological and somatic factors in together with a standardized self-assessment of patient's pain was performed in a prospective cohort study of 82 patients undergoing otolaryngological surgery Suffeda et al. Medicine (2016) 95: 28 Medicine as a model of surgery with a spectrum of low to severe postoperative pain. The results of the study show that in daily routine of otolaryngological procedures a significant proportion of patients show psychological alterations with influence on postoperative pain 24 hours after surgery. Depression seems to be the most important psychological predictor for severe postoperative pain. This implicates that better pain management including preoperative counseling of the patients and may be psychological intervention is needed.
